The duration of the snitotic cycle at 20°C was estimated in meristems of roots averaging 12 mm long in six species of the Triticinae. They include two diploids, Aegilops squarrosa and Triticum monococcum; two tetraploids, Triticum dicoccoides and Trificum timapheevi and two hexaploids, Triticum aestivum and Triticum .cpelta. The average duration of the cycle increased in the order 2x (11 to 12 hours) to 4x (15-16 hours) to 6x (19-20 hours).
Triticum .cpelta. The average duration of the cycle increased in the order 2x (11 to 12 hours) to 4x (15-16 hours) to 6x (19-20 hours) .
In relation to nuclear DNA amount the duration of the cycle increased by c. 0.31 hours per picogram. This rate of increase corresponds closely with that established for diploid monocotyledons by Evans et al. (1972) . The mean duration of mitotic cycles also corresponds closely with that for diploid monocotyledons with the same DNA amount.
The increase in the duration of the mitotic cycle with increasing DNA is accounted for by increase in all the component phases i.e. in Division, GI, Sand G2. There is some indication of a disproportionately long G2 and a shorter GI in the wild, uncultivated species viz. Ac. squarrosa and the two tetraploids.
With few exceptions it appears that the duration of the mitotic cycle, as in the six species investigated here, is closely dependent upon and constrained by the nuclear DNA quantity per se.
INTRODUCTiON
THERE 15 good evidence showing that the duration of the mitotic cycles in (root tip) meristems of species of higher plants is influenced by the nuclear DNA amount ( Van't Hof and Sparrow, 1963; Van't Hof, 1965; Rees, 1971, 1972; Bennett, 1972) . The duration of the cycle and of its component phases, including the synthesis (S) phase, increases with increasing DNA. Evans et al. (bc. cit.) have reported some variation on this general theme. For example, 1. In diploid dicotyledons the duration of the mitotic cycle is about 4 hours longer than in diploid monocotyledons with the same DNA amount. (The rate of increase in the duration of the cycle with increasing DNA is the same in both groups, c. 038 hours per picogram.) 2. When the DNA content is increased by the addition of B chromosomes the duration of the cycle is increased to a disproportionate degree (c. 040 hours per picogram) in comparison with DNA increase involving chromosomes of the normal complement.
These facts tell us that while the correlation between DNA amount and the duration of the mitotic cycle is, in general, surprisingly predictable the correlation is not invariable. It is to some degree modified according to genotype, i.e. the quality as well as the quantity of nuclear DNA. Some authors, in contrast to the above, find no evidence of a relationship between the duration of the mitotic cycle and the nuclear DNA amount (Oehlert et al., 1962; Cameron and Stone, 1964; Graham, 1966; Troy and Wimber, 1968) . There are results also from the Triticinae which conflict sharply with the correlation described above. Bayliss (1972) gives an estimate for the duration of the mitotic cycle in the hexaploid Triticum aestivum (12.5 hours) which is considerably less than that in cultivars of the tetraploid T. durum (Avanzi and Den, 1969) at the same temperature.
T. aestivum has, of course, about 30 per cent more nuclear DNA. Another comparably conflicting result is that of Kaltsikes (1971) to the effect that the duration of mitosis in the hexaploid Triticale is shorter than in one of its tetraploid parents, T. durum. From these results in the Triticinae two possibilities which come to mind are that hybridity and polyploidy associated with the evolution of this group or, alternatively, intensive selection for cultivation by the breeder, may have led to the disruption of the generally highly predictable relations between DNA amounts and the duration of mitotic cycles. The aim of the present work was to investigate these possibilities.
MATERIALS AND METHODS (i) IVlaterial
The species used are listed in (ii) Fixing, staining and autoradiography Seeds of each species were germinated on moist fibre glass paper at 20°C 02. When the majority of seedlings had a primary root of 5-20 mm in length (average 12 mm) these seedlings were immersed in tritiated thymidine (2 c/ml) for 30 minutes, rinsed in distilled water, washed in non-radiactive thymidine (0.0l-M) for 1 hour and returned to the fibre glass paper. Four seedlings of each species were taken at random at hourly intervals (Ae. squarrosa, T. monococcum and T. spelta) or at mainly 2-hour intervals (T. dicoccoides, T. timopheevi and T. aestivum) after removal from radioactive solution. The roots were then fixed in three to one alcohol acetic acid for 2 hours, hydrolysed for 10 minutes in 1X-HC1 at 60°C and then stained in Feulgen solution for 2 hours. Using previously subbed slides, root tips squashes were made and the coverslips were removed on a liquid nitrogen freezing table. The slides were passed through 70 per cent, 50 per cent and 30 per cent alcohol to distilled water. Kodak AR1O stripping film was applied and the slides, dried with silica gel, were stored in the dark at 4°C for two and a half weeks. The autoradiographs were developed in Kodak Dl 9B developer for 8 minutes, washed in distilled water and fixed for 5 minutes. After washing and drying thoroughly, coverslips were applied.
(iii) Timing the mitotic cycle and its component phases
The method used was based on that of Quastler and Sherman (1959) and Wimber (1960 T. aestivum T. spelto of orthogonal polynomials of least squares. For each species the duration of the total cycle is represented by the interval between the 50 per cent intercepts on the ascending curves of each peak. Tritium labelled early prophases are sometimes difficult to distinguish from interphases especially in heavily labelled slides. For this reason we preferred scoring the percentage of labelled metaphases. In T. monococcum and T. spelta, however, the number of metaphases available in some slides was small and we consequently scored prophases.
It will be observed that even between peaks there is a considerable percentage of prophases or metaphases with label, ranging from about 20 to 50 per cent. We deduce from this that there is no pronounced synchrony between cells within the root meristems at this stage of development. A pronounced synchronisation would have been expected in the first few mitoses immediately following root emergence. There is evidence (Bennett and Bayliss, personal communication) indicating that the duration of the mitotic cycles and of the component phases in these earlier, more synchronised divisions are profoundly different from the divisions in older roots of the kind investigated in this experiment. This suggests that the apparently conflicting results concerning the relation between nuclear DNA amount and the duration of cell cycles from differing sources, to which we have referred earlier, may well have arisen from estimates of cycles made at different developmental stages.
(v) The synthesis (S) phase
The duration of S in each case is represented by the interval between the 50 per cent intercept on the ascending part of the first peak and the 50 per cent intercept on the descending curve of that peak, minus the period of time in label i.e. 30 minutes.
(vi) The division (D) phase
The percentage of cells in division i.e. at prophase, metaphase, anaphase and telophase was estimated from 100 cells in each of 10 root tip squashes in each species. The percentage of cells, that is from prophase to telophase x the duration of the total cycle in each species gives the duration of the division phase. The duration of prophase, of metaphase and of anaphasetelophase are derived in the same way i.e. percentage at prophase x the duration of the total cycle etc.
(vii) The post-DNA-synthesis (G2) phase For T. monococcum and T. spelta, in which the percentages of labelled prophases are plotted, G2 is estimated from the interval between the end of labelling (0 on the graphs) to the 50 per cent intercept on the first ascending curve.
It will be recalled that the curves for the other species represent percentages of labelled metaphses. For these species G2 was estimated from the interval between the end of labelling to the 50 per cent intercepts on the first ascending peak minus the duration of prophase in each case. It is important to stress that the estimates are based on material grown in a constant environment with respect to light and temperature (20°C) and from roots of the same age. Age, temperature Brown, 1951) and other factors, including light (Halaban, 1972) , mineral nutrients (Morinato and James, 1969) influence the mitotic cycles. For purposes of comparison it is clearly important, as here, to maintain a constant environment. Equally important, the results apply strictly to the conditions under which the estimates were made and equally strictly to roots at a particular phase of development.
RESULTS
The estimates for the duration of the total mitotic cycle and of its component phases are given in table 1. Also in the table are the Gi nuclear DNA amounts for the six species. It will be observed that the times for the mitotic cycles in the tetraploids are similar to those given for the tetraploid T. durum by Avanzi and Den (1969) . The duration of the cycle given for the hexaploids is more than 50 per cent greater than that quoted by Bayliss (1972) . The table shows the duration of the complete cycle to be much the same for species with the same chromosome numbers. It is clear, also, that the duration of the cycle increases with increasing chromosome number (2x-4x-6x). Increase in chromosome number is, of course, accompanied in this case with increase in nuclear DNA and in fig. 2 the duration of the complete cycle is plotted against the DNA amount for each species. The regression (duration against nuclear DNA amount) is highly significant (P = <0.001). Also in the figure is the regression line calculated for diploid monocotyledons by Evans et al. (1972) . It will be observed that the values for the six species investigated are distributed closely around this regression. A joint regression analysis of variance showed no significant difference between the regressions in respect either of slope or of means.
According to Evans et al. (bc. cit.) the mitotic cycles in diploid monocotyledons are of longer duration than in autopolyploid monocotyledons with similar DNA amounts. On the present evidence the same would apply to allopolyploid relative to autopolyploid monocotyledons. The conclusion must be qualified to some extent on the grounds that the data on autopolyploids presented by Evans et al. are relatively sparse and strongly influenced by the results from polyploid Hyacinthus. The latter have very high DNA amounts and the duration of the mitotic cycles in diploids (or allopolyploids) over the same range of DNA values are not available for comparison.
(ii) The component phases Table 1 shows, in general, that increase in the duration of the complete cycle in relation to DNA content is accounted for by extension of each of the component phases i.e. of S, G2, Division and Gi. There is, however, some indication in the three wild species, Ae. squarrosa and the two tetraploids, of a disproportionately short Gi and a disproportionately long G2 in comparison with the three cultivated species. Whether this is of any real significance must await further comparisons between wild and "bred" forms. 
Discussioi
We have shown that the correlation between the duration of the complete mitotic cycle and the nuclear DNA amount in the six Triticinae species is precisely the same as that established for diploid monocotyledons by Evans et al. (1972) . Bearing in mind that the 4x and 6x species have a very different evolutionary history from the diploids, bearing in mind also that three of the species are wild, uncultivated forms whereas the others, to varying degrees, have been selected and bred for cultivation, the results are somewhat surprising; for two reasons. First, there is no doubting the existence of genetic mechanisms which regulate the duration of mitotic cycles in meristems during growth and development. The duration varies with the" age" of organs (e.g. of roots in Vicia, Bennett, Smith and Smith, 1972) . It varies from one tissue, one organ to another. For example, the average duration of mitotic cycles in endosperm nuclei of Triticum species is reduced to a third of that in root meristem nuclei despite the fact that the former contain half as much more DNA (Bennett, personal communication) . Second, the rate of growth at cell level in root as in other meristems is determined by the rate (duration) of the mitotic cycles along with the rate and extent of cell extension. On the face of it one might well have expected that selection imposed The situation in the Triticinae is confused by the observations of Bennett (1971) that at meiosis the relation between the durations of the divisions are inversely correlated with DNA amount, so that meiosis takes longer in diploid species than in the hexaploids, the tetraploids being intermediate and also, as mentioned above, the rate of division of endosperm nuclei is largely independent of DNA amount. Indeed there is evidence to show that the first burst of mitotic cycles in seedling root tips follows the same trend as shown at meiosis i.e. longer in diploids than in hexaploids (Bennett, personal communication) . What accounts for the apparent reversal of pattern during gamete formation, and seed development is not known.
There are other " deviations" reported in other families. Nagl (1974) reports that mitotic cycles in root meristems of annual species (in the Asteraceae) are of shorter duration than in perennial species with similar DNA amounts. It will be recalled that fluctuations in the relation between DNA content and mitotic cycles also applied in cases where the DNA variation was attributable to varying numbers of B chromosomes. Nevertheless, taking the evidence as a whole the dependence of the mitotic cycle time upon DNA amount is surprisingly rigid and predictable. The rigidity of the relationship is re-inforced by the present results from the wheat species investigated.
